Introduction: The numbers of elderly patients with breast cancers are increasing with an ageing population, yet clinical research on these patients is still lacking. This study aims to examine the differences between elderly patients and their younger counterparts, with a view to optimize management plans for the former. Methods: Patients ≥ 40 years old with histologically proven breast cancer between 1991 and 2008 were identified from our database, and grouped according to age for analyses: old elderly (≥75 years), young elderly (65 to 74 years) and young (40 to 64 years). Clinicopathologic characteristics, treatment and survival rates were compared across the 3 groups. Results: There were 103 (11.53%) old elderly, 147 (16.5%) young elderly and 643 (72.0%) young patients. The 2 elderly groups presented at later stages, received less adjuvant or palliative chemotherapy (P < 0.001), and less adjuvant radiotherapy (P < 0.001), compared to the younger patients. Both breast cancer specific survival (CSS) and overall survival (OS) in the old elderly (CSS: 64.7% (95% confidence interval [CI]: 53.4% -73.8%), OS: 46.4% (95% CI: 35.6% -56.4%)) and young elderly group (CSS: 82.4% (95% CI: 74.4% -88.0%) OS: 78.6% (95% CI: 70.4% -84.8%)) were lower than the young patient group (CSS: 84.9% (95% CI: 81.6% -87.7%), OS: 83.4% (95% CI: 80.0% -86.3%)) at 5 years. Conclusion: Our findings showed that clinicopathologic characteristics of elderly breast cancer patients differed from their younger counterparts. Poorer survival outcomes among our elderly patients may be the result of their under-treatment.
Introduction
Breast cancer is the most common female cancer in the vast majority of countries, including Singapore [1] [2] [3] and ageing is one of the single greatest risk factors for the development of new breast cancer [4] . With increasing life expectancies and a rapidly ageing global population [5] , more breast cancers are being diagnosed in older women, and this rising trend is expected to continue.
There are several challenges associated with cancer treatment and analyses of survival outcomes in older patients. The first problem is in the very definition of what constitutes the older patient and setting the age limit. Although the National Comprehensive Cancer Centre Network (NCCN) guidelines mark this limit at 65 years, it is mostly from 70 -75 years when age-related changes appear at different levels (functional, cognitive, physiological, presence of comorbidities and socio-economic status) [6] . Further, heterogeneity in the aging process also adds to the difficulties of defining this age limit [7] .
Further, breast cancers in old elderly or young elderly patients differ from those in young patients as the physiological changes triggered by ageing influence the development of malignancies. Studies from Western countries have described more estrogen receptor (ER) positive and fewer human epidermal growth factor receptor 2 (HER2) positive breast cancers in elderly patients, which may suggest less aggressive biology [8] [9] [10] [11] . However, another study using Surveillance, Epidemiology and End Results-Medicare data showed increased nodal involvement in those ≥ 80 years old, as well as similar breast cancer characteristics (tumour grade, histology, hormone receptivity) between women ≥ 80 years of age and women aged 67 -79 years [12] . The exclusion of elderly patients from screening programs and their low participation rates in clinical trials in turn result in the absence of a common or standard approach to the treatment of elderly breast cancers [13] [14] .
In addition to this, physiological changes also affect tolerance to treatment due to the higher frequency of comorbidities and decline in physiological reserve in marrow and renal function [15] . Managing older cancer patients requires taking into account life expectancy and morbidity related to both the tumour, and the patient's age, the ability to tolerate treatment and the effect this will have on their subsequent function and quality of life.
Consequent to all the above challenges, the elderly breast cancer patient may not receive the optimal treatment, resulting in poorercancer-specific survival and overall survival outcomes [12] [16] .
The purpose of this study is to examine the differences in characteristics of breast tumors and the implemented treatments across different age groups in our multi-ethnic Asian population, and how these differences impact on breast cancer specific and all-cause mortality of invasive breast cancer (IBC). tumour characteristics, treatment regimen and outcomes of interest from the breast cancer database at Changi General Hospital, a tertiary hospital in Singapore. This database includes all patients diagnosed and/or treated at this institution. All patients with invasive breast cancer (IBC) diagnosed and treated between 1 January 1991 and 31 December 2008 were included. There was no sample size calculation performed. Patients were followed up until 30 June 2013 with a minimum of follow-up period of 5 years. Patients who had initially sought definitive surgical treatment at another institution and patients who defaulted before definitive treatment were excluded from this study. Patients aged younger than 40 years were excluded as well. Surgical options were discussed in detail with each patient, before the decision on the type of surgery to be undertaken was made. All adjuvant therapy was recommended after a multi-disciplinary discussion. However, some patients either refused therapy or were non-compliant with it.
Data Extraction and Measurement
The following information for IBC patients was extracted: Demographic and clinical data (age, race, co-morbidities, presenting complaint, side, site, clinically palpable axillary nodes, bilaterality, tumour stage, Nottingham Prognostic Index (NPI) score, presence of and site of metastasis), pathological data The patients were categorised into three groups according to age at presentation: Young (40 -64 years), young elderly (65 -74 years) and old elderly (75 years and above).
Outcomes were defined as time-to-event data types, where events were categorized as all-cause mortality, breast cancer mortality, or last visit alive. The reference time was the date of first treatment. Local and distant recurrence rates were also considered. Journal of Cancer Therapy teristics were summarized as mean (standard deviation (SD)), median (Inter-quartile range (IQR)) for continuous variable and frequency with corresponding proportion for categorical variables. Association between age groups and categorical variables was evaluated using Fisher's exact test. Kaplan-Meier (KM) curve was used to depict survival rates by age groups and Log rank (or Wilcoxon) test was used to evaluate the association between the age groups and time-to-event outcomes like overall survival, breast cancer mortality and all-cause mortality. Univariateand multivariate Cox Proportional Hazard (PH) regression models were used to identify risk factors associated with breast cancer related mortality and all-cause mortality.
Significance level was set at 5% and all tests were two sided.SAS version 9.3 software (SAS Institute, Cary, North Carolina) was used for the analyses. For survival analysis PROC PHREG procedure was used.
This study was reviewed and approved by an independent ethics review board at Changi General Hospital, Singapore.
Results

Patient and Tumour Characteristics
In total, 893 invasive breast cancers was diagnosed in 879 patients, with a me- A palpable lump (86.9%) was the most common presentation, while cardiovascular diseases (28.4%) and diabetes mellitus (14.0%) were the most common co-morbidities across all age groups. Although the patients over 65 years of age had significantly more co-morbidities than the young patients (66.7% vs. 33.3% with P = 0.0003), there were no significant differences in co-morbidities between the young elderly and the old elderly groups (33.3% vs. 66.7% with P = 0.1298).
Significantly more old elderly patients (22.2%) presented with metastatic disease, compared to the young elderly (9.7%) and young (6.7%) patients (P < 0.001).
The sites of metastases were similar among the 3 groups ( Table 1 ).
The majority (86.9%) of breast cancers were ductal carcinomas. There was no difference in ER, PR or HER2 positivity among the age groups. However, there were fewer Grade 1 tumours in the young patient group (12.1%) compared to the young elderly (19.3%) and old elderly (19.6%) patients (P = 0.047). Old elderly patients had significantly more stage 4 cancers compared to the other two groups (P < 0.001) ( Table 2 ).
Treatments Received
Breast conservation was more common than mastectomy among young patients with early stage (stage 1 -2) breast cancer compared to the 2 elderly groups. The adjuvant hormonal therapy, which showed similar rates among all the age groups (Table 3 ).
Recurrence and Survival Outcomes
Local and distant recurrence rates were comparable during the study period across all groups. There were no statistical significant differences in terms of recurrence between different stages and sites of recurrence as well ( A total of 187 breast cancer deaths and 69 non-breast cancer deaths occurred during the study period. Both breast cancer mortality and all-cause mortality increased significantly as age increased (P < 0.001, P < 0.001). In both the young elderly and old elderly groups, there were more deaths resulting from breast cancer than from other causes ( Table 5 ). Figure 1 and Figure 2 show the Kap- chemotherapy were independent predictors of decreased overall survival and breast cancer related survival. Age was not an independent predictor of overall or breast cancer specific survival on multivariate Cox PH regression analysis (Table 6 ).
Discussion
To our knowledge, this is the first paper comparing older breast cancer patients (≥65 years) with younger patients (40 -64 years) in an Asian setting. We did not include patients below 40 years of age, as these very young patients are known to have more aggressive tumours with a higher predisposition for genetic influ-
Our results show that the old elderly patient group had tumours that exhibited more favourable tumour characteristics. There were a higher proportion of non-ductal carcinomas (lobular and mucinous/mucinoid), which are known to have better biological phenotypes compared to ductal carcinomas [19] [20] . The young elderly and old elderly patients in our study were also noted to have more Grade 1 and fewer Grade 3 tumours than the young patients. This is similar to the findings of Diab et al. [21] , who analysed patients from the San Antonio and SEER databases, and found that their older patients had more lobular and mucinous tumours, as well as more favourable tumour biologic characteristics such as diploidy, lower S-phase fraction and normal p 53. However, unlike Diab's study, we did not find any difference in the hormonal receptor status or HER2 receptor status positivity among the different age groups. Naito et al. [22] compared Japanese patients who were > 75 years old with those between 60 to 74 years old in which they did not find any differences in hormone receptor status.
This could suggest that breast cancer tumour characteristics in this particular subgroup of Asian older patients may be different from that of the Western populations.
As noted by Gennari et al. [4] , older patients present later than their younger counterparts do, with more having clinically palpable axillary lymph nodes, and a higher stage at presentation. Possible reasons may be a decreased awareness of breast cancer in the elderly, a reluctance to seek treatment, lesser access to medical care and financial concerns.
Both the young elderly and old elderly patients with early breast cancer in our study were more likely to undergo mastectomy compared to the young patients.
This may reflect both the patients' and surgeons' greater emphasis on effective treatment without radiation, and a lesser priority towards cosmesis forelderly Asian patients. Factors such as decreased mobility and difficulty in travelling for daily radiation therapy may be factors for consideration when choosing the type of surgery [23] .
In our study, young elderly and old elderly patients underwent chemotherapy and radiotherapy less often, and this was most obvious in the old elderly group.
Many other studies, including a study from MD Anderson have also shown that older patients were less likely to undergo recommended treatment for breast cancer [12] [24] [25] . Hormonal therapy rates, however, were similar across all the age groups, and this was noted by Diab et al. [21] as well. A recent paper from Singapore showed that up to 72.0% of cancer physicians were less likely to treat a fit but older patient aggressively [26] . Undertreatment of elderly breast cancers have been noted in several studies, but its impact on survival outcomes are still uncertain. In the studies by Rocco et al. [27] and Gajdos et al. [28] , undertreatment of elderly breast cancers did not result in worse recurrence free survival. However, other studies have shown that undertreatment of breast cancers in elderly patients significantly decreases survival [29] [30]. We found breast cancer specific mortality to increase with increasing age despite the more favourable characteristics of tumours in the elderly patients. However, on multivariate analysis, age was not an independent predictor of breast cancer specific survival. This suggests that the delay in diagnosis and treatment of breast cancer in both our young elderly and old elderly patient groups could have resulted in poorer survival. The updated recommendations of the International Society of Geriatric Oncology (SIOG) and European Society of Breast Cancer Specialists (EUSOMA) are not to base management decisions on age alone, but to include geriatric assessment, competing causes of mortality, drug safety and compliance, patient preferences, and barriers to treatment as factors to take into consideration [8] . United Kingdom, and United States [31] . Hence, the results of this paper may also have relevance to Western populations. We acknowledge that there are some limitations in our paper. Firstly, this is a retrospective analysis conducted on prospectively collected data. There was some missing data, but this was unlikely to skew the statistics in view of the large sample population. As the study period spanned more than a decade, therapies had evolved over this time, thus giving rise to different treatment options offered and administered to patients presenting at different times during the study period. This could potentially influence the treatment outcomes. Treatment options offered were also up to the discretion of the attending physician. Further, we did not have data on compliance to treatment. Adherence of the patients to hormonal therapy has been shown to be lower in the old elderly age group [32] . We also did not collect data on functional status, cognition, socioeconomic status and the severity of comorbidities, which may be potential confounders. Further studies which incorporate assessments of the above (comprising a comprehensive geriatric assessment) would be useful in determining the role these factors play in influencing survival outcomes [33] [34] [35] . This may then help us determine which elderly patients would benefit most from adherence to standard treatment guidelines.
Conclusion
Our results indicate that elderly patients had more favorable tumor characteristics. However, there was a tendency towards undertreatment of breast cancer in the elderly patients and this could have contributed to the poorer survival outcomes. Hence, breast cancer treatment of elderly patients should not be based on chronological age alone; but must be individualized to the patient taking into consideration their function, comorbidities, quality of life and expected life expectancy, and weighing the perceived benefits and risks of treatment.
